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Abstract: Investigations were conducted on a lot of bubalines raised within a household system. The 
ratio between saturated and unsaturated fatty acids encountered in the bubaline milk is rather constant. It can 
thus be asserted that apprehending the fatty acid concentration in bubaline milk and dairy products may confirm 
the authenticity and freshness of the dairy products in question. The analysis on fatty acids consisted in their 
extraction and processing through transesterification and gas-chromatographic (GS-MS) analysis. Therefore, the 
following stages were undergone: the extraction of total lipids, the obtainment of methylic esters in fatty acids, 
the separation and identification of methylic esters in fatty acids through gaseous- phase chromatography (GS). 
By means of the gas-chromatograph, we were able to identify the fatty acids with their corresponding standards, 
namely: capric acid, lauric acid, myristic acid, palmitic acid, palmitoleic acid, heptadecanoic acid, stearic acid, 
oleic acid, linoleic acid and arachidonic acid.  
 
 
INTRODUCTION 
 
The apprehension of lipid metabolizing ways within the organism and milk lipid 
formation have reached their peak, during the last few years. Many such researches have been 
targeted towards the modulation of these mechanisms for the production of a type of milk 
with superior organoleptic, physico-chemical and trophic-biological traits. Furthermore, the 
aim was to increase the quantity of polyunsaturated fatty acids which are considered to be 
essential (1).  
Polyunsaturated fatty acids (linoleic, linolenic, arachidonic) are considered to be 
essential for the human and animal organism, as they are involved in the mitochondrial 
metabolism, in creating phospholipids and cellular membranes. They are also the forerunners 
of prostaglandins (2). Free fatty acids attach the ruminal content or the microbial particles, 
thus delaying the normal fermenting process, especially that of carbohydrates (3). Fat 
deposited in the liver contributes to the occurrence of metabolic diseases (ketoses, fat liver) 
during early lactation (4). If approximately 50% of milk lipids are food-originated through the 
above-mentioned mechanisms, the rest is synthesized at organism level, in haematocytes and 
mammary gland (5). 
A total of approximately half of the milk fatty acids originate in the blood plasmatic 
lipids (6). It was demonstrated that the palmitic and myristic acids (C16, C14) are 
hypercholesteroleminated, while acids showing a small number of carbon atoms are neuter, as 
far as this aspect is concerned (7). In a pure state, milk fat has no taste or odour, while kept at 
regular temperature presents a soft consistency (8). Most of the fatty acids in animal milk 
have an even number of carbon atoms, but there are cases of small quantities of fatty acids 
with an uneven number of carbon atoms (9). The linoleic acid (18:2) can be converted into 
arachidonic acid through the combination of desaturation and elongation reactions (10). 
Although unable to be synthesized, these polyunsaturated fatty acids predominantly appear in 
a cis  configuration,  leading to a rigid molecule and a angle direction shift of approximately 
30 ºC. Due to their structure, these unsaturated fatty acids interact with neighbouring 
molecules and have lower melting points. As such, at a temperature of 25 ºC, saturated acids 
12-24 carbon atoms have a cereous consistency, while the unsaturated ones are liquid (12).  
Plasmatic lipids are the source of all fatty acids with 18 carbon atoms and the majority 
of 16-atom fatty acids. Approximately a third of the palmitic acid and almost the entire 
quantity of oleic acid in milk lipids originate in nutrition. A total of approximately half of 
milk fatty acids are formed in the blood plasma (10).  
The majority of fatty acids in animal lipids have an even number of but there are cases 
of small quantities of fatty acids with an uneven number of carbon atoms (8).  
The double bonds are a majority of cis configration, but there are natural fatty acids 
with a trans configuration (7). The linoleic acid (18:2) can be converted into arachidonic acid 
through the combination of desaturation and elongation reactions (5).  
The best represented milk fatty acids are the palmitic acid (16:0) and the oleic acid 
(18:1) of 27.1 %. The milk presents small quantities of fatty acids holding short chains of 
carbon atoms (12 and under 12 carbon atoms) (4). Therefore, an important decrease in milk 
fat is due to a diet scarce in fibres which can be only partially compensated through the 
increase of the food fat quantity (2).  
 
 
MATERIAL AND METHOD 
 
The working material consists in bubaline milk, used to determine the total fat content. 
The working protocol was conducted as follows: lipids were extracted from milk samples 
with chloroform and methanol according to the Bligh and Dyer method, involving small 
modifications of the sample volume and the solvents employed. Therefore, 30 ml bubaline 
milk were homogenized with 100 ml methanol and 100 ml chloroform.    Lipid 
extraction was conducted through intermittent stirring during half hour at room temperature. 
Then, a quantity of 100 ml chloroform was added, which was followed by 10 minute stirring.  
The mixture thus obtained was transfused into a separation funnel: the superior layer 
(methanol and water) was separated through creasing, while the middle and inferior layers 
(deposited proteins and chloroform) were vacuum filtered on a Buchner funnel. Deposited 
proteins were washed on a filter 3 times, employing 10 ml of chloroform.    
The chloroformic lipid solution was filtered again on an anhydrous sodium sulphate 
column, while N2SO4 was washed 3 times with 10 ml of chloroform. The integrated lipidic 
extracts were vacuum evaporated at a 50ºC temperature, using a rotary evaporator.  
Lipids were dissolved into 10 ml of chloroform and kept at -20 ºC. As specialty data 
making reference to the optimum derivatisation method of milk fatty acids are contradictory, 
several methods were tested and compared: A, B and C.     
 As observed in table 1, there are no significant differences between the percent 
compositions of the fatty acids obtained through their derivatization according to methods A, 
B and C. We decided nevertheless for the sodium methoxide transesterification (method A), 
as an alkali medium avoids certain unwanted isomerizations of the polyunsaturated fatty 
acids. 
 
 
 
 
Table 1 
The percent composition of fatty acids in bubaline milk, derivatized through methods A,B,C 
 
Nr. crt Fatty acid name Abbreviation Met A Met B Met C 
1 Caprilic 8:0 0.10 0.08 0.11 
2 Capric 10:0 0.94 0.92 0.96 
3 Lauric 12:0 1.52 1.54 1.57 
4 Miristic 14:0 9.65 9.73 9.68 
5 Palmitic 16:0 37.49 37.56 37.62 
6 Palmitoleic 16:1 3.07 3.02 3.09 
7 Margaric 17:0 1.03 1.02 1.07 
8 Heptadecenoic 17:1 0.59 0.52 0.57 
9 Stearic 18:0 7.47 7.68 7.55 
10 Oleic 18:1 23.92 23.87 23.89 
11 Vaccenic 18:1 is 1.75 1.63 1.77 
12 Linoleic 18:2 1.41 1.39 1.44 
13 Alfa-linolenic 18:3 omega-3 0.84 0.81 0.78 
 
 
RESULTS AND DISCUSSIONS 
 
Chloroformic solutions of tristearin (FLUKA) are dry-evaporated (by means of a 
methane stream) using Pyrex test tubes for transesterification. These solutions contain the 
following quantities: 20, 40, 80 and 100 µg (tristearin) and 40 µg heptadecanoic acid (internal 
standard) for each sample.  
 
 
Table 2 
Retention times for fatty acid standards 
 
    Nr Fatty acid name Abbreviation Retention 
times 
1 Caprilic 8:0 6.917 
2 Capric 10:0 9.754 
3 Lauric 12:0 13.086 
4 Miristic 14:0 17.409 
5 Palmitic 16:0 22.129 
6 Palmitoleic 16:1 22.648 
7 Margaric 17:0 24.329 
8 Heptadecenoic 17:1 24.850 
9 Stearic 18:0 26.648 
10 Oleic 18:1 27.139 
11 Vaccenic 18:1 is 27.234 
12 Linoleic 18:2 28.099 
13 Alfa-linolenic 18:3 omega-3 29.527 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Fig. 1. Linearity control in the case of the FID detector response 
 
 
Linearity control in the case of the FID detector response for stearic acid 
2 ml of 5% H2SO4 (v/v) methanolic solution are added and heated at 75ºC for 2 hours. 
After their cooling down, 1 ml of water is added and 2× 10 ml petroleum ether and they are 
stirred for extraction by means of a separation funnel. The integrated solutions of methylic 
esters in petroleum ether are dried on Na2SO4 and dry-evaporated. The residue is mixed with 
100 µl hexane and undergoes gas-chromatography. The gas-chromatographic conditions are 
the same as presented in the previous chapter. Finally, a calibration line is drawn and 
represented in figure 2. 
 
 
 
Fig. 2. Short catena fatty acid chromatogram corresponding to the analyzed bubaline milk sample 
 
 Fig. 3. Long catena fatty acid chromatogram corresponding to the analyzed bubaline milk sample 
 
 
 
Table 3 
Percentage fatty acid composition in bubaline milk sample 
 
Nr.  Fatty acid name Abbreviation Retention time Percent 
1 Caprilic  8:0 6.917 0.10 
2 Capric 10:0 9.754 0.94 
3 Lauric 12:0 13.086 1.52 
4 Miristic 14:0 17.409 9.65 
5 Palmitic 16:0 22.129 37.49 
6 Palmitoleic 16:1 22.648 3.07 
7 Margaric 17:0 24.329 1.03 
8 Heptadecenoic 17:1 24.850 0.59 
9 Stearic 18:0 26.648 7.47 
10 Oleic 18:1 27.139 23.92 
11 Vaccenic 18:1 is 27.234 1.75 
12 Linoleic 18:2 28.099 1.41 
13 Alfa-linolenic 18:3 omega-3 29.527 0.84 
14 Fatty acid differit   10.22 
 
The table above illustrates the fact that the majority fatty acids are: palmitic (37.49%) 
followed by the oleic acid (23,92 %), myristic (9.65 %) and stearic (7.47 %). The percentage 
of saturated fatty acids is majority and that of polyunsaturated acids, such as the linoleic and 
linolenic, is rather small (1.41+0.84  % ). 
 
CONCLUSIONS 
 
1. Component separation within a complex mixture through the gas-chromatographic 
method is conducted on the basis of the different affinity for a mobile gaseous phase 
and a stationary phase (CGL) or a solid phase (CGS). 
2. Outside the chromatographic peaks whose retention times indicate a standardized fatty 
acid, there are other chromatographic peaks, of different area and height, with 
unstandardized retention times and thus unknown.  
3. The mobile phase is represented by an inert gas (argon, helium, nitrogen, hydrogen) 
driving the components of the complex mixture. 
4. The gas-chromatographic separation of the components within a mixture depends on: 
the nature of the distribution isotherm, sample size, nature of the vector gas, 
temperature programming and eluant debit, nature of phases, detector type.  
5. An important condition for obtaining symmetric chromatographic peaks is the 
absorption or distribution isotherm.  
6. The component retention times may be influenced by the nature of the vector gas.  
7. As far as temperature programming chromatography is concerned, volatile 
components are distributed in a column on the temperature gradient direction 
according to their volatility.  
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